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Tunable Dual-Wavelength Picosecond Pulse
Generation by the Use of Two Fabry—Peérot Laser
Diodes in an External Injection Seeding Scheme

M. Zhang, D. N. Wang, H. Li, W. Jin, and M. S. Demokan

Abstract—An attractive alternative to generate tunable dual- ~ FF sl
wavelength pulses by external injection seeding of a gain-switched
Fabry—Pérot laser diode (FP-LD) is demonstrated. The external-
injection-seeding branch consists of only a FP-LD, a 3-dB coupler Amplifier
and two fiber Bragg gratings (FBGSs). The two wavelengths can be
selected and their spacing can be tuned by adjusting two FBGs.
The output sidemode-suppression-ratio is better than 17 dB over
a 10-nm wavelength tuning range. The whole system is simple and
of low cost.
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. INTRODUCTION

. Fig. 1. Experimental setup of this work.
UNABLE multiwavelength ultrashort pulse sources

around 1.55;m are vitally important for the devel-
opment of optical time-division-multiplexing (TDM) and
wavelength-division-multiplexing (WDM) systems. A humbe
of approaches have been explored in the dual-wavelen

picosecond pulse generation. Schlagaral. demonstrated n this work, we present a simple external injection seeding

a dual wavelength pulse generation by the use of the birsérfr‘:'t?m Véhe_ltﬁ or\;\lly\;mione(iﬁnfwilﬁ FF'rI;DS agtd ith% 'TB?; ?]rri
fringent polarization-maintaining fiber in the mode-locked " P:0Y€d- The wavelengin tuning range oblained 1

e ! , ¥ . . corresponding to the sidemode-suppression-ratio (SMSR) of
erbium-doped fiber ring laser's cavity [1]. An actively reater than 17 dB. A constant repetition rate of 500 MHz can

mode-locked laser-diode array with a V-shaped double-stri%e maintained during the svstem operation. The svstem can
mirror in the external grating-loaded cavity has also been us 9 Y P ' y

for the dual wavelength operation by Waeual. [2]. Margalit also be used for multiwavelength operation by employing more
et al. obtained the dual wavelength pulses in an erbium—dopgges'
fiber laser by injection of two spectrally distinct but temporally
synchronized pulse trains [3]. Recently, self-injection-seeding
of a gain-switched Fabry—Pérot laser diode (FP-LD) hasOur experimental setup is shown in Fig. 1. Two pigtailed
provided another way to achieve dual-wavelength picosecoommmercially available FP laser diodes are used as the optical
pulse generation [4]. In self-seeding scheme, the repetitisaurces. FP1 has a peak wavelength of 1558.7 nm, a cavity mode
frequency or the length of the external cavity have to kspacing of 1.7 nm, and a threshold current of about 19.7 mA.
adjusted to make the feedback pulses correspond to the sele@tegl corresponding values for FP2 are 1554.6 nm, 1 nm and 20
wavelengths arrive at the gain switched FP-LD during th®A, respectively. The spectral characteristics of FP1 and FP2
pulse buildup time [4]-[6]. No adjustment of feedback loop ceire shown in Fig. 2. The frequency linewidth of the lasing modes
repetition frequency is required in external injection seediraf FP1 at the full-width at half-maximum (FWHM) is 17.5 GHz,
system, and the output wavelengths can be selected and tuwade the corresponding value of FP2 is 4.4 GHz. FP1 is biased
easily by adjusting the wavelengths of the injection light beaat 14 mA and gain-switched at 500 MHz. FP2 is driven by the
[7], [8]. However, a rather expensive continuous-wave (CWjc current. The output of FP2 is directed to a 3-dB coupler and
tunable laser is commonly required. Multiwavelength operaeflected by two FBGs, both having the same Bragg wavelength
of 1553.0 nm, bandwidth of 0.3 nm and reflectivity of 80%. The
Manuscript received August 3, 2001; revised October 1, 2001. This Workri§ﬂeCted optical waves from the FBGs are then directed to a po-
supported in part by Hong Kong CERG under Grant number PolyU 5109/99rization controller and an isolator. In the experiment, FP2 is
The authors are with the Department of Electrical Engineering, The H_olrw;ed as the injection source to enable the dual wavelength opera-
53333fj’éﬁgﬁg‘@uﬂfgﬁ'ﬁy' Hung Hom, Kowloon, Hong Kong (e-mally;opy of pg. The wavelength of the reflected waves can be tuned
Publisher Item Identifier S 1041-1135(02)00116-7. by compressing or elongating the FBGs. The external injection

tion is another important development of the ultrashort pulse
eneration and a simultaneous five-wavelength mode-locked
fz?ﬁer source has been achieved by Nittal. [9].

Il. EXPERIMENTAL SETUP
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Fig. 2. Spectrum of the two laser diodes.
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Fig. 3. Output spectra of FP1l: (a) Single wavelength operation
A = 1549.6 nm; (b) Dual-wavelengths operatioh;, = 1549.6 nm
andA; = 1554.6 nm; (c) Dual-wavelengths operation = 1549.6 nm and

Az = 1559.6 nm.

tim e {ns)

Fig. 4. Temporal profiles of the pulse trains generated at FP1: (a) the pulse
seeded laser output from FP1 is then sent to a pulse dete@ﬁljms when ;\Pl is in single Wa\rqelength Qp_ergtiolv\at 1?49.6hnm; (b).the( )

. . il Ise trains ah; = 1549.6 nm when FP1 is in dual-wavelength operation; (c
system that C_OI’_]SIStS of a tunabl_e filter, a hlgh speed phOtO pulse trains at, = 1559.6 nm when FP1 is in dual-wavelength operation.
tector and a digital sampling oscilloscope. The spectral charac-
teristics of the system output are also monitored by the use of

: . > 0'j3g hown in Fig. 4. Fig. 4(a) shows the pulse trains wh
optical spectrum analyzer with 0.1 nm wavelength resolution copeas shownin g 'g. 4(a) shows the pulse trains when

FP1 is in single wavelength operation’at 1549.6 nm. When
FP1 is in dual-wavelength operation, the pulse trains obtained
are shown in Fig. 4(b) and 4(c), respectively, after being filtered
The output spectra of external-injection seeded FP1 dngthe tunable filter. Fig. 4(b) demonstrates only the pulse trains
shown in Fig. 3. When the reflected wavelength of FBG1 isorresponding to\; = 1549.6 nm, while Fig. 4(c) shows the
tuned to close to the center of the selected mode of FP1, FRllse trains of\; = 1559.6 nm. It can be noticed that the pulse
switches to a single-mode operation as shown in Fig. 3(a). Timensity is reduced to about a half when FP1 is in dual wave-
two wavelength outputs can be observed in Fig. 3(b) and 3(Bngth operation as predicted by the output spectra shown in
respectively, when the reflected wavelength of FBG1 stafdg. 3. When FP1is gain switched without external injection, the
at 1549.6 nm, while that of FBG2 is reflected at 1554.6 amulilsewidth is about 90 ps and the average output power is 18.5
1559.6 nm, respectively. The polarization and wavelength p¥W. When FP1 is in single-mode operation, the pulsewidth is
the injected light are fine tuned to maximize the SMSR. Thextended to 120 ps and the average output power becomes 19.9
injection power at wavelength 1549.6, 1554.6, and 1559.6 npAV. In the case of dual-wavelength operation, the pulsewidth
respectively, is-14 dBm. It is also found that the frequencybecomes 100 ps, and the average output power for each wave-
linewidth of the lasing modes of FP1 becomes about 4.4 Glength is about 1gW. Fig. 4 also shows the pulse trains of each
(FWHM value). The separation of the dual-wavelength peaksavelength channel at different time instant during the experi-
can be varied from 1.9 to 10 nm with the SMSR better thanent, initial time instant, 1 h later and 24 h later, respectively.
17 dB. The maximum separation and the tuning range ®he intensity of the pulse trains is stable.
the wavelengths are limited by the gain spectrum of the two The peaks of dual-wavelength can be readily selected, and
FP-LDs. A broad gain spectrum will lead to a large tunintheir spacing and locations can be tuned easily. The results of
range. wavelength tuning with fixed wavelength spacing are demon-
The pulse trains, after passing through the tunable filter, catrated in Fig. 5. The wavelength spacing is maintained to be
be observed by using a fast photodetector and a sampling osgikm. In Fig. 5(a), the two peaks are located at 1549.6 and

Ill. RESULT AND DISCUSSION
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ploying a temperature controller for fine tuning the lasing modes
of FP2, the SMSR of the output can be improved. The multi-
wavelength operation of the system can also be achieved by ap-
plying more FBGs in the setup. Fig. 6 shows the output spectra
of FP1 when three FBGs with 90% reflectivity are employed in
the setup. The peak wavelengths are located at 1546.6, 1551.5,
and 1556.4 nm, respectively. Fig. 7 shows the pulse trains at
each wavelength channel. Four or more wavelengths operation
may also be achieved by carefully selecting two FP-LDs with
the similar spectrum. In dual and multiwavelength operation, the
minimum wavelength separation that can be achieved is limited
by the gain competition between the selected modes. The mode
spacing of FP1 is 1.7 nm, thus, when the wavelength separation
is about 1.7 nm, the output wavelengths become relatively un-

Fig. 5. Dual wavelength tuning: (a) Peak wavelengths located at 1549.6 afyple and mode hopp|ng can be observed.
1554.6 nm, respectively; (b) Peak wavelengths located at 1551.5 and 1556.4

nm, respectively; (c) Peak wavelengths located at 1554.6 and 1559.6 nm,

respectively.
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IV. CONCLUSION

We have demonstrated a simple and efficient system to gen-
erate tunable dual-wavelength picosecond pulses. The external
injection seeding branch consists of only a FP-LD, a 3-dB cou-
pler and two FBGs. The wavelengths and their spacing can be
easily selected and tuned by adjusting the FBGs while a constant
repetition frequency of 500 MHz can also be maintained. By a
careful laser diode selection, the wavelength tuning range and
SMSR can be increased. The system is a simple and low cost al-
ternative to the conventional dual-wavelength picosecond pulse
sources.
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Fig. 7. Temporal profiles of the pulse trains at each wavelength channel Wherls]
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